Abstract: Humans are expert at recognizing facial features whether they are variable (emotions) or unchangeable (gender). Because of its huge communicative value, pain might be detected faster in faces than unchangeable features. Based on this assumption, we aimed to find a presentation time that enables subliminal discrimination of pain facial expression without permitting gender discrimination. For 80 individuals, we compared the time needed (50, 100, 150, or 200 milliseconds) to discriminate masked static pain faces among anger and neutral faces with the time needed to discriminate male from female faces. Whether these discriminations were associated with conscious reportability was tested with confidence measures on 40 other individuals. The results showed that, at 100 milliseconds, 75% of participants discriminated pain above chance level, whereas only 20% of participants discriminated the gender. Moreover, this pain discrimination appeared to be subliminal. This priority of pain over gender might exist because, even if pain faces are complex stimuli encoding both the sensory and the affective component of pain, they signal a danger. This supports the evolution theory relating to the necessity of quickly reading aversive emotions to ensure survival but might also be at the basis of altruistic behavior such as help and compassion.
T he intensity and unpleasantness of pain experienced by an individual can be measured only through self-assessment, most commonly using self-report scales (eg, visual analog scale). However, there can be discrepancies between nonverbal behavior and the patients' level of pain assessed by such scales, particularly in patients with chronic pain.
26, 78 Moreover, such assessments are impossible in non-communicative patients or patients with dementia 49 and are suggested to be unsuitable for children younger than 8 years. 9, 72, 73 To overcome these limits, one method is to examine behavioral features of the sufferer. Among the different behavioral markers of pain, facial expression is one of the most reliable and specific.
14 Facial expression of pain has been shown to encode both the affective (unpleasantness) and the sensory (intensity) dimensions of pain 46 and can communicate both a warning signal of threat and a plea to elicit altruistic behavior such as help or compassion. 83 The recognition of a face is a complex process that requires the extraction of specific components, involving the changeable aspects (including expressions and eye or lip movements) on the one hand, and the invariant aspects (including identity, familiarity, gender, and ethnicity) on the other hand. 12, 36 Some arguments in the literature converge on the hypothesis that these two classes of facial attributes could be processed separately, 20 ,25,37,60 but this is still a matter of debate.
Facial emotional features can be analyzed outside awareness 1, 56, 85, 86 and trigger preattentive capture of attention. 56, 81 Data from behavioral and functional brain imaging studies suggest that emotional information can be extracted from a face and can affect neural activity, even when faces are presented at levels thought to be below consciousness. 3, 4, 80, 84 A quick and unambiguous discrimination of others' pain facial expressions signaling dangerous situations might also be useful for real-time measurement of pain during physical examination in clinical settings. 65 In this study, we aimed to assess 1) if the face presentation time (from 50 to 200 milliseconds) needed to discriminate pain versus another negative emotion is shorter than that needed to discriminate an invariant facial feature (gender) using a forward-backward masking paradigm known to block the conscious representation access of the visual stimulus 15, 19, 33, 38, 41, 42, 44 ; and 2) whether for this minimal time slot needed for pain signal extraction, this pain discrimination is a subliminal process according to Dehaene taxonomy, 18 by evaluating participants' subjective reports.
Methods

Participants and General Procedure
One hundred and twenty healthy students (60 men and 60 women; mean age = 23.77 6 5.08 years) were recruited from the University of Lyon 2, France. All participants were volunteers, provided written informed consent, and were not paid for their participation. The ethics of this study were approved by the ad hoc committees of the Neurosciences and Cognition Doctoral School (Lyon 1 University) and the Institute of Psychology (Lyon 2 University). None of the participants reported any neurologic or psychiatric history and none were taking any medication such as antidepressant or analgesic drugs. Medical students were excluded because it has been documented that expertise with pain can modulate pain perception in others. 13 All participants had normal or corrected-to-normal visual acuity and were naive to the stimuli used.
Among these participants, 80 performed the tasks designed to evaluate the presentation time needed to discriminate pain expression and gender from a face. We evaluated the Empathy Quotient (EQ) of our participants by the validated French version 8 of the EQ questionnaire (score range = 0-80) to evaluate if our population of participants had no trouble in their empathic behavior that could have biased their perception of emotional faces. The average score was 39.33 (standard deviation [SD] = 10.08), which is generally thought to represent people who know how to treat people with care and sensitivity. 5 The 40 other participants participated in the reportability testing.
The experiments were conducted individually in a softly lit and soundproof experimental room and the images were presented using an ASUSTeK laptop (Asus; Taipei, Taiwan; 43-cm [17-in] color screen; 6.00 GB RAM; Intel HD 4000 Graphics Card). Participants were sitting on a chair and their eyes were positioned 90 cm from the screen so that the stimulus angular size was 6 . The images were displayed at the center of a uniform black background. The refresh rate of the screen was set at 50 Hz. Stimuli were displayed and responses were recorded using Presentation software (version 16.3; Neurobehavioral Systems).
Pain and Gender Discrimination Experiment
Design and Procedure
Participants had to perform 2 forced-choice tasks, a pain discrimination task (PDT) and a gender discrimination task (GDT), in a counterbalanced order, separated by completion of the interference part of the Stroop test 79 as a distraction task. For both PDT and GDT, the pictures appeared on the screen for 50, 100, 150, or 200 milliseconds, using a backward and forward visual masking paradigm. 41, 43 The range of presentation time was determined after a pilot study (N = 23) showing that participants discriminated the signal at chance level for 50 milliseconds of presentation and above chance level for 200 milliseconds of presentation. The masks were always presented 200 milliseconds before and after the picture to be discriminated (ie, the signal), whatever the presentation time. To avoid any possible learning process that could ameliorate participants' performances during each discrimination task, the block of pictures was presented only once to each participant. Each set of stimuli (mask-picture-mask) was preceded and followed by a fixation cross on a black screen, the duration of which varied randomly between 1600 and 1900 milliseconds (see Fig 1 for the sequence of events). Participants were randomly assigned to 4 experimental groups (n = 20 for each group, corresponding to the 4 different durations of the signal). Presentation times for the cross-fixation and the masks were fixed. The GDT paradigm was the same but with male faces as the signal. The picture used for this illustration is from the database developed by Frederic Gosselin and colleagues 68, 69 freely available on the Internet (http://www.mapageweb.umontreal. ca/gosselif/sroyetal_sub.pdf) and is reproduced with permission of the authors.
They were asked to answer as quickly and as accurately as possible using 1 of 2 mouse buttons (yes, no; counterbalanced across participants). The participants had to answer yes or no whether the face was depicting a painful facial expression or not in the PDT, and whether the face was that of a male or not in the GDT.
Stimuli
The stimuli were chosen from the STOIC database, 68, 69 composed of 80 grayscale static photographs. These standardized and validated pictures are derived from Simon et al's video dynamic facial expression database. 74 The 256-pixel Â 256-pixel images display faces of 5 male and 5 female actors expressing pain, fear, anger, disgust, sadness, surprise, happiness, and neutral on a uniform gray background (see Fig 2A) . All external facial features (hair, ears, and neck) were removed using a midgray elliptical mask. Stimuli were spatially aligned on the center of the pupils and on the tip of the nose, and contrast and luminance were calibrated.
Thirty pictures were used for the PDT (10 of pain, 10 of anger, and 10 of neutral facial expressions) and 30 for the GDT (15 males and 15 females expressing disgust, fear, and sadness). We selected the stimuli according to the results of a preliminary experiment (see details in Supplementary Study 1). For the PDT, anger faces were selected as the noise in addition to neutral faces because, among the 4 negative facial expressions (disgust, fear, sadness, and anger), they were rated by the 203 participants in this preliminary study with the lowest pain intensity scores (3.21/10 for anger faces on a visual analog scale versus 3.75 for sadness faces, 4.52 for fear faces, 4.82 for disgust faces, and 6.08 for pain faces). Thus, anger faces were considered to be the negative facial expression most distinct from pain faces in terms of subjective pain perception, confirming that pain faces and anger faces are well separated with respect to pain rating scores. The GDT was performed with different emotional faces than the PDT (disgust, fear, and sadness). In another experiment performed with 210 participants, we tested whether the emotional component of the faces impairs gender discrimination. The results showed that gender was not discriminated in faces presented for 100 milliseconds for both emotional and neutral faces (details in Supplementary Study 2). None of the participants included in the preliminary studies described in Supplementary Studies 1 and 2 participated in the main PDT and GDT experiments. Two different masks were created for the 2 discrimination tasks by averaging the pixel to pixel of the pictures used in each case using PsychoPy software (version 1.8) 61 (Figs 2B and 2C).
Data Analyses
Trials to which the participants did not respond or responded before the backward mask or after the appearance of the forward mask of the next picture were discarded; this represented, on average, .46% of the trials for pain discrimination and .54% of the trials for gender discrimination.
We used the D'Agostino-Pearson omnibus normality test to determine whether datasets were normally distributed. Depending on the results of this first analysis, parametric or nonparametric tests were used. The significance criterion for all the analyses was set at P < .05. All analyses were conducted with GraphPad Prism 6.0 software.
Index of Sensitivity: Nonparametric Receiver Operating Characteristic
Participants' ability to discriminate signal among noise was measured using the nonparametric index of sensitivity A, 59 which is a correction of the initial area under the receiver operating characteristic (ROC) curve. 52, 53, 63 This method does not make normality assumptions about the signal and noise distributions.
For each participant, we created a contingency table of participants' responses according to the type of pictures. For the PDT, the pain faces were the signal and neutral and anger faces were the noise. For the GDT, the male faces were the signal and the female faces were the noise. Participants obtained a hit when they responded ''Yes'' to the signal and obtained a correct rejection when they responded ''No'' to the noise. When the noise appeared on the screen and the participants mistakenly responded ''Yes'', they obtained a false alarm (FA), and when the signal appeared on the screen and the participants mistakenly responded ''No'', they had a miss.
To determine whether participants differentiated their responses according to the signal or noise presentation (ie, not responding by chance), we applied a Fisher exact test (with a = .05) to the contingency tables. The proportions of signal and noise pictures for each task were taken into account for the A calculation so that the different proportions of signal/noise in our 2 tasks (1/3 in PDT vs 1/2 in GDT) did not affect the discrimination evaluation.
Statistical Tests
A Wilcoxon test (t value with a = .05) was performed on A values for each presentation time to compare sensitivity for the PDT and GDT.
At an individual level, Fisher exact P values of each participant were considered to evaluate the proportion of participants who discriminated pain and gender above chance level for each presentation time of the faces. Although we fixed the a value at .05, we further calculated the effect size (d) of the results found.
Because there were two distinct types of noise pictures in the PDT (neutral and anger faces), the number of neutral faces being confused with pain faces (neutral FA) could be compared with that of anger faces confused with pain faces (anger FA) using a 2-way analysis of variance (ANOVA) with FA as the within-subject factor with two modalities (neutral, anger) and presentation time of faces as the between-subject factor with four modalities (50, 100, 150, and 200 milliseconds). Post hoc t-tests with Bonferroni correction for multiple comparisons were used.
Reportability Experiment
Dehaene et al 18 proposed that when the stimuli strength is weak and the participants' top-down attention is solicited, as was the case in our paradigm, the processing of a visual stimulus can be categorized as ''subliminal attended'', provided that participants are unable to give a verbal report on what they have perceived (reportability). Therefore, we assessed reportability in the forced-choice PDT and GDT by evaluating participants' estimation of the certainty of their responses.
Design and Procedure
The 40 participants performed the same two forcedchoice tasks as described earlier (PDT and GDT) for pictures presented for 100 and 200 milliseconds. The experimental procedure was the same as that described earlier and shown in Fig 1. After each of their forcedchoice responses, the participants had to quote orally their degree of certainty on a 1-point to 5-point scale, in which a rating of 1 represented the minimal certainty about the participant's discrimination response and a rating of 5 represented the maximum certainty about it. A rating of 3 was considered as uncertain confidence.
Stimuli
The stimuli used were the same as in the previous pain and gender discrimination experiment (see earlier discussion).
Objective and Subjective Index of Sensitivity
The objective index of sensitivity was the same as that described earlier (see PDT and GDT). To determine whether participants differentiated their responses according to the signal and noise presentation (ie, not responding by chance), we applied a 1-tailed Fisher exact test on the contingency tables. The subjective A subj index (ie, an awareness measure) was also calculated based on the definition of the type 2 signal detection theory (SDT). 30, 44, 53 It was represented by the participants' ability to distinguish between their correct and incorrect answers, suggesting an access to conscious processing. A 1-point ROC curve was calculated based on the relation between response correctness and confidence. 44 Correct responses associated with high confidence (ratings of 4 and 5) were considered as hits and incorrect responses associated with high confidence were considered as FA. 44, 77 Responses rated at level 3 were discarded, which represented on average only 22% of the trials for both tasks, thus leaving a sufficient number of trials to analyze the A value.
The subjective measure was applied at group and individual levels to test whether participants were able to discriminate pain or gender subliminally for each face presentation time.
Statistical Tests
For the objective measure of sensitivity, the statistics were the same as detailed previously for PDT and GDT.
To
Results
Pain and Gender Discrimination Experiment
The number of hits, FA, misses, and correct rejections as well as the A value, the associated SD, and the statistical significance corresponding to Fisher tests are given in Table 1 .
Group Analysis
When pictures were presented for 50 milliseconds, participants could discriminate neither pain faces nor male faces (see Fig 3 for the A and P values) and sensitivity for pain and gender was not significantly different (comparison between A values for pain and gender: t = 63.50, P = .83). When pictures were presented for 100 milliseconds and 150 milliseconds, participants could discriminate pain but not male signal. At these presentation times, our group of participants showed greater sensitivity for pain (A value) compared with male faces (t = 32.50, P = .005 for 100 milliseconds and t = 27.50, P = .002 for 150 milliseconds). When pictures were presented for 200 milliseconds, participants could discriminate both pain and male faces but sensitivity remained greater for pain than for male faces (t = 20, P = .0007).
In the PDT, two types of noise pictures were used (neutral and anger faces). The ANOVA performed on our data showed main effects of the FA type (F 1,76 = 47.28, P < .0001) and presentation times (F 3,76 = 5.70, P < .001) (Fig 4) but no significant interaction between these 2 factors (F 3,76 = .86, P > .05). For all presentation times, our participants confused pain faces with anger faces more often than with neutral faces (P < .0001).
Individual Analysis
Because of sensitivity interindividual differences, we calculated individual Fisher exact P values to obtain the proportion of participants who could discriminate the signal for each task at each condition. Fig 5 presents the proportion of participants who could discriminate the signal (pain or gender) above chance level as a function of the face presentation times. When the faces were presented for 50 milliseconds, only 20% of participants could discriminate pain as well as gender features of the faces above chance level. When faces were presented for 100 milliseconds, 75% of the participants could discriminate pain expression above chance level, whereas 20% could discriminate gender (d = 1.13). For a presentation time of 150 milliseconds, 80% of participants could discriminate pain expression above chance level and 55% of them could discriminate gender (d = .75). At 200 milliseconds, 85% of the participants could discriminate pain and 60% could discriminate gender above chance level (d = 1.00).
From 50 to 200 milliseconds, participants who could discriminate the signal above chance level (detailed earlier) had a mean A value of .89 (6 .03) for the PDT and .83 (6 .01) for the GDT. Participants who could not discriminate the signal above chance level had a mean A value of .63 (6 .08) in the PDT and a mean A value of .64 (6 .05) when they responded at chance in the GDT. 
Reportability Experiment
Group Analysis
Objective signal discrimination analyses performed on the PDT and GDT confirmed in this group of participants that pain discrimination distribution was different from a chance discrimination distribution at 100 milliseconds (A = .77, P = .03) as well as at 200 milliseconds (A = .85, P = .01). For gender, the discrimination distribution was not different from a chance discrimination distribution at 100 milliseconds (A = .66, P = .23) but was above chance level at 200 milliseconds (A = .80, P = .01).
Subjective signal detection analyses showed that during the PDT and the GDT, participants could not distinguish their correct from their incorrect answers either at 100 milliseconds (PDT: A subj = .67, P = .33; GDT: A subj = .63, P = .44) or at 200 milliseconds (PDT: A subj = .68, P = .19; GDT: A subj = .68, P = .28) (Fig 6) .
Individual Analysis
The individual subjective signal discrimination analyses showed that, even though participants were able to discriminate pain expression at presentation times of 100 and 200 milliseconds, most of them could not reliably report if their responses were correct or not (85% at 100 milliseconds, 80% at 200 milliseconds). Similarly, when gender was discriminated when faces were presented for 200 milliseconds, 85% of the participants could not rate the reliability of their responses highly. These results show that, in our experimental conditions, pain and gender were discriminated subliminally.
Discussion
Our study produced two main findings regarding our ability to discriminate pain in others' faces: 1) pain, which is considered to be a changeable facial feature, is discriminated among anger and neutral static faces faster than gender, which is considered to be an invariant feature, suggesting that less information is needed for pain than for gender discrimination; 2) the correct pain discrimination for a presentation time of 100 milliseconds in a forced-choice task is not associated with a high level of confidence, suggesting that, in our experimental design, pain was subliminally discriminable in faces without full access to consciousness. The participants' report was similar for GDT.
Specificity of Pain Discrimination in the Faces
Although most participants were unable to discriminate pain from faces presented for 50 milliseconds embedded in two masks among neutral and anger expressions, they were able to discriminate it when presented for 100 milliseconds, even if anger faces were mistakenly discriminated as pain faces more often than neutral faces.
This 100-millisecond duration of stimulus presentation is longer than that reported in recognition studies of facial emotions other than pain.
77, 84 This could be explained by three main differences between our PDT and tasks used in previously published studies. First, whereas other studies have compared negative emotional faces with happy ones, 24 participants in the present study had to discriminate pain versus anger, another aversive emotion to discriminate pain specifically. Thus, participants could not adopt a strategy of choosing to answer ''pain'' as soon as the face deviated from neutral. Anger faces were chosen as the noise in our PDT because they were attributed the lowest pain intensity by 203 participants (3.21/10 on a visual analog scale) compared with other negative emotions (sadness rated at 3.75, fear rated at 4.52, disgust rated at 4.82, and pain rated at 6.08; see Supplementary Study 1), thus highlighting their dissimilarity with pain faces with respect to pain rating scores but still sharing arousalvalence properties. 70 The Facial Action Coding System 22 based on facial movement (action units [AUs]) describes how muscular action is related to emotional facial expression. Although some AUs found in pain expression may also occur in expressions of fear, sadness, or anger, there is little overlap when the global patterns are considered. Prototypic pain expression is not only distinct from aversive emotions but is also unlikely to represent a blend of these emotions, 50 and even painvigilant individuals do not mistake anger for pain faces. 7 Second, facial masks created by averaging pain, anger and neutral faces, rather than scrambled images, were chosen to keep the face configuration and the facial expression, thus increasing the masking effect. 51 Third, we used a forward-backward masking procedure, reducing the access to any conscious fragmentary information. 15, 19, 33, 42 This differed from other studies using scrambled images 10 or only backward neutral or happyface masks. 58, 62 Is Pain Facial Expression Processing Different from Gender Facial Processing?
Whether face information used to recognize the two types of features from faces (changeable and invariant) is processed separately is still a matter of debate. 6, 12, 20, 23, 31, 36 Our study showed that pain can be extracted when faces are presented for 100 milliseconds, whereas gender can be extracted only when faces are presented for delays twice as long. Even at 200 milliseconds, there was a difference in performance for pain and gender discrimination. However, the effect size at 200 milliseconds was smaller than at 100 milliseconds (see Results section). In our experimental paradigm, gender recognition could be viewed as more difficult than pain discrimination, thus lengthening the time needed to extract relevant gender cues in faces, for 3 reasons: 1) facial gender cues might be blurred by emotional expression; 2) the presented faces were stripped of some relevant information (hair, neck, and ears) for gender discrimination; and 3) pictures used were not created to maximize facial features decisive for gender categorization (ie, jaw, eyes, and brows).
11,39
Regarding the first limitation, we confirmed that gender discrimination performances were the same at 100-millisecond exposure for emotional faces (pain, fear, disgust, anger, sadness) as for neutral faces (see Supplementary Study 2). The question whether gender can be identified in faces presented in an elliptical mask hiding all external facial features has been addressed in several studies. Brown et al 11 showed that determinants for successful gender classification of faces similar to the ones we used are located around the jaw, followed by brows/eyes, chin, and brows alone. Hu et al 39 reported that participants focused on eyes and brows to categorize gender. Yokoyama et al 87 recently showed that gender processing of this type of face is holistic, suggesting that the complete face is essential for face gender perception instead of partial cues. However, in this last study, the participants accurately recognized gender in faces similar to the ones that we used, where the visible facial area included the eyes, nose, mouth, and eyebrows. All these features were shown in every picture we used for the GDT. Pictures were not modified to highlight the features specific to the gender. As shown in Fig 2, our battery of faces included typical male faces (ie, with very dense eyebrows) and typical female faces (ie, aquiline faces), but also faces with less salient gender features. Therefore, although we can assume that participants were provided with essential information for performing the GDT, we cannot exclude the possibility that gender recognition could be faster if complementary cues or more salient gender features were provided.
Is Pain in Faces Discriminable Subliminally?
Whether access to consciousness should be studied with objective or subjective measures has been debated. 54, 55, 67, 75 SDT 32,53 offers the possibility of measuring both the objective criterion (using the standard A for measuring sensitivity) and participants' reportability as a subjective criterion for evaluating information conscious status. 40, 44 When the pictures were presented for 100 milliseconds or 200 milliseconds, participants were able to correctly discriminate pain from the faces. However, this discrimination was not associated with conscious reportability. This suggests that participants processed pain facial discrimination subliminally 8 (ie, without access to consciousness). 18, 40, 44, 77 Because pictures were masked before and after their presentation, the strength of the bottom-up stimulus was weak, whereas participants' top-down attention was focused on the signal to be discriminated. The observation that pain can be extracted rapidly in faces without access to consciousness is in line with the evolutionary argument that facial expressions of negative emotions, 2, 16, 21, 27, 71 including pain, 83 are necessary for social communication and need to be processed automatically and nonconsciously.
Discriminating Pain: A Developmental Ability Useful for the Clinical Setting Spontaneous pain facial expressions are not explained by visual learning or imitation but are rather biologically prepared because congenitally blind individuals show full facial expressions of pain, albeit with less variation in intensity. 45 Extracting pain from a face is urgent, because rapid discrimination of pain is necessary either to protect the body/self to ensure survival or to engage in altruistic behavior such as empathy and help. 83 Although facial expression is an indicator of the intensity of others' pain, 48 health care providers tend to underestimate pain intensity in patients. 34, 64, 66 Thus, in observers with medical expertise, the allocation of attentional resources to facial pain expressions might be modulated by top-down control. This control might be similar to the control that suppresses activation in the anterior cingulate cortex, anterior insula, and periaqueductal gray matter in physicians when witnessing a body part pricked by a needle, which is observed in control participants. 13 Comparing the event-related potential elicited by observation of needle pricking versus Q-tip touching, Decety et al 17 showed that modulation of both the N110 and P300 amplitudes (reflecting affective arousal and attention allocation) recorded in control participants in response to observed pain stimuli is absent in physicians. Our study shows that pain facial expressions are specifically detectable subliminally after very brief presentation times. In critical emergency situations and with noncommunicative patients, this may allow caregivers to immediately discriminate and estimate the degree of patients' pain by providing cues that are spontaneous, nonverbal, stable in young and elderly people, and universal. 35, 47, 76 
Directions for Further Research
A pending question is to elucidate how subliminal detection of the pain signal in faces is processed by the brain. For instance, functional MRI and PET studies 57, 82 suggested that the subliminal processing of fear faces involves the amygdala, a subcortical region that also triggers fear emotion. The question remains whether, as for the fear emotion, our ability to decode pain facial expressions subliminally could involve cortical structures participating in the elaboration of pain sensation such as the operculoinsular cortex, where we have recorded pain-evoked responses using intracortical electrodes. 
